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Method of Charging Fine-Grained Metals into an 
Electric-Arc Furnace 

5 Technical Field 

The present invention relates to a method of charging fine-grained metal, metal com- 
pounds or a mixture of two or more metals or metal compounds, in particular fine- 
grained directly reduced iron, into an electric-arc furnace, in which the metal, the metal 
10 compound or the mixture is supplied essentially continuously via at least one downpipe 
to one or more openings provided in the furnace roof, is introduced into the furnace 
through said at least one opening as a stream of bulk material, and falls onto the melt 
merely by gravity, as well as to an electric-arc furnace which is suited in particular for 
performing the above-mentioned method. 

15 

Electric-arc furnaces are used for melting metals, in particular during steel production 
for melting iron-containing solids, e.g. scrap or directly reduced iron. The energy re- 
quired for melting is introduced by means of electric current via one or more electrodes, 
and the heat is transferred to the metallic charge via an electric arc. Expensive meas- 
20 ures for processing the feedstock can be omitted. Therefore, the electric-arc furnace 
has developed into an economic assembly for producing high-grade steels and carbon 
steels in particular for mini steel mills with 1 to 1.5 million tons per year. 

Lumpy melting stock (mainly scrap) is typically charged into the electric-arc furnace in 
25 batches via baskets. In the case of the continuous addition, charging the metals to be 
melted into the furnace is a critical aspect. In the case of lumpy feedstock it must be 
ensured that the metals to be introduced do not get in contact with the electrodes and 
damage the same when charging the furnace, and in the case of fine-grained feedstock 
it must be ensured that it is not entrained into the waste gas system by the gases as- 
30 cending from the hot metal bath during operation of the furnace. 

To provide for a continuous introduction of directly reduced iron into the iron bath free 
of losses, it is proposed in DE 196 08 530 A1 to introduce the directly reduced iron into 
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the furnace during operation of the furnace through a lance extending through the fur- 
nace roof by using carbon dioxide as carrier gas and inject the same into the slag be- 
low the siag surface. However, providing and mixing the carrier gas with the directiy 
reduced iron requires a considerable constructive effort. Moreover, the carrier gas in- 
jected ,nto the furnace in a large amount together with the iron must again be dis- 
charged from the furnace, which has a negative influence on the energy balance. 

From EP 1 025 267 B1 there is known a method of melting fine-grained directly re- 
duced ,ron in an electric-arc furnace, in which the directly reduced iron is likewise intro- 
duced into the furnace through lances, but without carrier gas, the lance outlets being 
located above the iron bath in the layer of foamed slag. Thus, this method also makes 
use of constructively complex lances. 

An alternative to the method based on the introduction through lances consists in 
charging directly reduced iron through openings provided in the furnace lid. The generic 
GB 1,104,690 describes a method of producing steel in an electric-arc furnace, in which 
dur.ng operation of the furnace sponge iron is continuously supplied through conduits 
to three openings in the furnace roof and from there falls onto the slag layer in a free 
fall. Supplying the sponge iron from a bunker to the openings is effected via a dosing 
device, in which the bulk material is distributed among three supply tubes, before it 
reaches the three openings via extension tubes and adjoining supplies. As compared to 
the method based on the introduction via lances, this method involves less constructive 
effort, but it is only suited for charging comparatively coarse-grained sponge iron, as 
fine-grained material, e.g. one with a grain size of less than 1 mm, is entrained by the 
gases ascending from the hot iron bath during the free fall through the furnace and is 
either deposited on the lower surface of the furnace roof or is discharged from the fur- 
nace by the waste gas. and thus leads to considerable yield losses. 

Description of the Invention 

Therefore, it is the object of the present invention to provide for charging fine-grained 
directly reduced iron (DRI) or the like in a constructively simple way. which ensures a 
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rather loss-free introduction of the fine-grained material into the metal bath of the elec- 
tric-arc furnace. 

In accordance with the invention, this object is solved by the features of claim 1. 

5 

The present invention is based on the surprising finding for a person skilled in the art 
that in case the stream of bulk material exits the downpipe undisturbed, even fine- 
grained metals with a mean grain size of less than 0.3 mm can be charged into the 
metal bath of the electric-arc furnace almost free of losses by a free fall. Undisturbed 

10 supply or delivery of bulk material in accordance with the present invention refers to a 
supply or delivery in which an enlargement of the stream of bulk material is reliably 
avoided by suitable measures, and thus the stream of bulk material always has a com- 
pact shape along the supply or delivery path. In accordance with the invention, the un- 
disturbed supply of the stream of bulk material is achieved by a preferably round or 

15 oval dosing orifice without corners and sharp-edged transitions. Thereby it is ensured 
that a compact stream of bulk material exits the downpipe and an enlargement is relia- 
bly avoided. Dust losses can thereby be minimized. Experiments have shown that such 
a compact stream of bulk material not only is not enlarged, but Is even constricted, its 
diameter is reduced and it remains compact due to the acceleration resulting from the 

20 free fall. 

In principle, all orifices known to the skilled person can be used, as long as the orifice 
aperture has no corners and sharp-edged transitions. What is particularly preferred, 
however, are dosing orifices composed of several, preferably two individual orifices 
25 each with essentially circular or oval openings, in which the individual orifices are ar- 
ranged to be movable with respect to each other. The through hole of the dosing orifice 
thus can be formed without corners and sharp-edged transitions in a constructively 
simple way and can be adjusted to any value between zero and the maximum opening 
of the individual orifices. 

30 

To avoid a falling curve of the stream of bulk material which leads to an enlargement of 
the stream of bulk material, the dosing orifice should be inclined by not more than 25° 
with respect to the horizontal plane. Particularly preferably, however, the dosing orifice 
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is arranged horizontally, as In this way the stream of bulk material can pass through the 
opemngs of the dosing orifice without being deflected, i.e. without making a falling 



curve 



In accordance with a development of the invention it is proposed to keep the bulk mate- 
nal mass flow inside the downpipe at all points larger than the orifice throughput. What 
turned out to be particularly useful is to choose the diameter of the downpipe larger 
than the maximum diameter of the dosing orifice by the factor of 1 to 1.5, preferably by 
the factor of 1 .2 to 1 .5, and particularly preferably by the factor of 1 .4 to 1.5. 

For the purpose of reliably avoiding a significant enlargement of the material stream by 
gas turbulences when the stream of bulk material leaves the dosing orifice, the stream 
of bulk material Is passed through a protective tube behind the dosing orifice. In terms 
of apparatus, this is achieved particularly easily in that the region of the furnace roof at 
which the dosing orifice is arranged, constitutes an essentially cylindrical tube. 

In accordance with a development of the invention, the protective tube is cooled for 
instance with water. 

Contacts of the protective tube wall with the stream of bulk material would lead to a 
disintegration of the stream. In accordance with the invention, the diameter of the pro- 
tective tube therefore is at least twice as large as the maximum opening diameter of the 
dosing orifice arranged between the downpipe and the protective tube. The dosing 
orifice preferably is arranged centrally inside the protective tube. In this way, contacts 
of the stream of bulk material with the walls of the protective tube can particularly relia- 
bly be prevented. If the dosing orifice is inclined with respect to the horizontal, the ratio 
of the diameters of the protective tube and the opening of the dosing orifice should be 
more than 4:1 and particularly preferably more than 5:1. 

The method in accordance with the invention can be used for charging all metals, metal 
compounds or mixtures therefrom, in particular for charging directly reduced iron or 
ores, such as ilmenite or nickel ore. Preferably, the mean grain size of the fine-grained 
material is less than 1 mm, particularly preferably less than 0.5 mm, quite particularly 
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preferably less than 0.4 mm and highly preferably less than 0.3 mm. Due to the undis- 
turbed supply of the fine-grained material in the downpipe and the stream of bulk mate- 
rial falling onto the molten metal undisturbed, fine dust losses, for instance by small 
particles being entrained by the gases constantly ascending from the melt during 
operation of the furnace, are reliably avoided. The method in accordance with the 
invention thus ensures an almost loss-free charging of an electric-arc furnace with fine- 
grained material. The amount of fine-grained material in the total charge can be up to 
100%. 

The invention furthermore relates to a method of melting such fine-grained, directly re- 
duced iron in an electric-arc furnace, in which the directly reduced iron is introduced 
into the electric-arc furnace by the charging method in accordance with the invention. 

The present invention also relates to an electric-arc furnace which can be charged in 
accordance with the method described above and has a furnace roof with at least one 
charging hole, the charging hole being connected with a downpipe for supplying the 
metal, and a dosing orifice being provided at the outlet of the downpipe. 

Preferably, the dosing orifice is an iris or consists of at least two round or oval slides 
movable with respect to each other. 

Below the dosing orificeorifice a protective tube is provided in accordance with the in- 
vention, whose diameter should be at least twice as large as that of the downpipe. Par- 
ticularly useful is a diameter ratio of (2 to 10):1, preferably (2 to 5):1, and particularly 
preferably (2.5 to 3.5): 1. The length of the protective tube preferably is 1 to 3 times the 
maximum diameter of the stream of bulk material. 

When charging the furnace with solid mixtures with large differences in grain size, the 
bulk recipient vessel constitutes a mass flow silo in accordance with the invention, in 
order to avoid a demixing of the bulk material and thus disturbances of the stream of 
bulk material. 
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Brief Description of the Drawings 



Fig. 1 



Fig. 2 



shows a schematic vertical section of an electrie-are furnace in accor- 
dance with an embodiment of the present Invention; 

^i 9 a r ema " C *" °' ele0,rtC - arC fUmaCe *> 



Fig. 3 shows a cutout of me roof opening region of the electric-arc furnace in 

accordance with Fig. 1; and 

I* * shows a partial top view of a dosing orifice of the eiectrioarc furnace in 

accordance with Fig. 1. 

Detailed Description of the Preferred Embodiments 

Th. nalecri^re furnace , operated with alternating current, which is shown in Fig. , 
"**""* ^ * — =«e wa„s 3 as we., as a U 

shown „ Fg. 1, extend through conespondinglv dimensioned openings 6 into the Inte- 
rn! 7 ^ e,e0WMrc ,UmaCe 1 h0 "~. — * dipped with 
more or less than three eleotredes 6 and be opereted with direct current 

ITIT, 0 ?' "* °' * he el8CW ^ rc ,Uma - «• a -ter^ced vera- 

htZr , . d,8P ° Sed 8 ' ' UmaCe ro °' 4 - * «" - - tube a 

Romany arranged dosing orifice 8 is mounted. As can in particular be seen in Fig. 3. 

hvo onflces M respeot to eaoh other, the opening of the dosing orifice 8 can be ad- 
.usted to any value between zero and the maxmtum opening of the individual ortfloes. 
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Through the dosing orifice 8, a bulk material stream 11 enters the furnace. In the top 
view of the dosing orifice as shown in Fig. 4, the slides 9 each have oval openings. 

The diameter of the protective tube is at least twice as large as the maximum opening 
5 diameter of the dosing orifice 8. As a result, contacts between the bulk material stream 
11 and the protective tube wall are avoided, which would necessarily lead to a signifi- 
cant disintegration of the bulk material stream 1 1. If the dosing orifice 8 is not arranged 
horizontally, as shown in Figs. 1 and 3, but inclined with respect to the horizontal, the 
falling curve of the bulk material stream 1 1 should also be considered when choosing 
10 the ratio of protective tube diameter to opening diameter of the dosing orifice 8, so that 
said ratio should be chosen larger than 2. 

As can in particular be seen in Fig. 2, the three graphite electrodes 6 are arranged 
essentially symmetrically around the dosing orifice 8. When the furnace is only 
15 equipped with two electrodes, the stream of bulk material should likewise be arranged 
between the electrodes. But when the furnace has only one electrode, the stream of 
bulk material can be supplied at any point of the furnace in the vicinity of the electrode. 

The dosing orifice 8 is connected with a cylindrical downpipe 12 for supplying metal, 
20 e.g. directly reduced iron (DRI), to be charged into the electric-arc furnace 1. To obtain 
an undisturbed bulk material stream 11, the downpipe should always be completely 
filled. This can be achieved in that the possible bulk material mass flow through the 
down pipe 12 is larger than the orifice throughput at all points before the dosing orifice 
8, i.e. the inside diameter of the downpipe 12 should at least be as large as the maxi- 
25 mum opening diameter of the dosing orifice 8. Possibly, the latter can slightly be throt- 
tled during operation. 

The downpipe 12 has no fittings effecting a disintegration of the stream of bulk material 
and to be positioned in intermediate positions, such as butterfly valves, ball valves or 
30 the like, in order to ensure an undisturbed bulk material stream 11 during operation of 
the electric-arc furnace 1. 
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15 



When using such elecmc-arc furnace 1 for steel production, liquid st8el „_ „„, 
ced,n fl operating charge ts retained in me tureace as liguid heeMo f^Z 7"* 
hg and melting of directiy reduced Iron By inlectino Z» - ^ 
Wo .he melt, a foamed slag Is produced dlXlTr 1 T " "** 
continuous changing of directiy reduced Ire" a "* 

and mere.y by grevlty ,al,s onto the bath in an undisturbed compac. bu" ™ ! 
stream 11 behveen the etactrodes 6 and penetre.es into tee steeZe , 13 L T lh 
undistun.ed bu* mateda, stream U. par.icu.ady grained * Ly red u ^ £ 

r rete is con, oitad in such a way tea^r^ ^ " ^ 
taZIr! ^^ 9te ~° f,he - e ' b --—tan,ors,igh H y ri ses t o tapping 



14. and to MM, .he charging and melting of DR1 in the next heat, part of the me.. 13 
e,MW - re 1 - -M.d hee, After an extended do^me before 



Example 



For producing stea. from fine-greined highly metallized direccy reduced iron (DR.) 

cuir r a ^ eiee,ric - aro 1 •« «» zzz 

cunen, as shown ,n Fig. 1. which had a capaciiy of ,» , , Ma steel 1 wa5 . ™ £ 
with power via a 1 00 MVA transformer. supplied 

l^T 9 ,? 6 30 ' ° f " qUid h6e ' remain * *• '-ace. Before 

starung the chareing of DR. for (he next hea t tee electees were posftioned tea 

power supply was switched on, and teen ho, DR, was chafed through tee 1^ 

V mn3ea * e mm ° ° f ,he f "™« an unL*ed aim oTbl 
matenal in a free tall between tee three electrodes. 
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The DRI charged had a mean grain size of 0.3 mm and originated from a fine ore direct 
reduction plant, wherein the material temperature was about 650°C. Beside metallic 
iron, the DRI also contained 8.5 wt-% FeO, 1.1 wt-% Si0 2 , 1.1 wt-% Al 2 0 3 , 0.9 wt-% 
MnO and 1 wt-% C. 

Via the dosing orifice 8, the supply rate of the directly reduced iron was adjusted to 3 
t/min. The downpipe 12 had an inside diameter of 200 mm. The dosing orifice, whose 
maximum opening diameter corresponded to the downpipe diameter, was slightly throt- 
tled, so that an oval opening with a maximum diameter of about 180 mm was obtained. 
Below the dosing orifice 8, there was provided the water-cooled protective tube 7 with 
an inside diameter of about 400 mm, which ended in the furnace roof 4. 

During the experiment, the ratio of bulk material to power supply rate was controlled 
such that the directly reduced iron was molten continuously and the temperature of the 
steel bath remained constant or slightly rose to tapping temperature. By injecting oxy- 
gen and carbon during the entire test period, the formation of the foamed slag layer on 
the iron bath was promoted. Furthermore, lime was supplied to the electric furnace, in 
order to adjust the desired basicity in the furnace. 

Upon reaching the desired tapping temperature of about 1630°C, 120 t of steel melt 
with a carbon content of 0.1% were tapped. Upon tapping, 30 t of steel were left in the 
furnace as liquid heel for the next heat. 
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Llst of Reference Numerals: 



1 


electric-arc furnace 


2 


brick-lined hearth 


3 


side wall 


4 


furnace roof 


5 


opening 


6 


electrode 


7 


protective tube 


8 


dosing orifice 


9 


slide 


10 


opening 


11 


bulk material stream 


12 


downpipe 


13 


molten metal 


14 


tap hole 


15 


foamed slag 



